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ABSTRACT 

(Secret) 


Measurements  have  been  made  on  the  NRL  second-generation 
acceleration-velocity-range  signal  processor.  Acceleration  and  velocity 
resolutions  and  coverage,  signal  dynamic  range,  target-handling  capa¬ 
bilities,  large  and  small  signal  performance  and  spurious  levels  have 
been  considered,  and  then  performance  is  iiiustrated  with  three- 
coordinate  and  two-coordinate  data  formats.  The  three  coordinate 
real-time  data  formats  aid  the  observer  to  grasp  more  quickly  the 
significance  of  the  combinations  of  acceleration,  velocity,  range,  ampli¬ 
tude,  and  time  data  being  presented.  They  also  quickly  reveal  the 
serious  consequences  of  mismatched  signal  processing. 

The  effectiveness  and  potential  of  the  acceleration-velocity-range 
signal  processor  may  more  easily  be  judged  with  the  aid  of  the  three- 
coordinate  data  formats. 


AUTHORIZATION 

NRL  Problem  R02-23 
Project  RP12-1 51-402-4007 


Manuscript  submitted  April  14, 1972. 
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ACCELERATION-VELOCITY-RANGE  SIGNAL  PROCESSOR  CAPABILITIES 
DEMONSTRATED  WITH  THREE-COORDINATE  REAL-TIME  DATA  FORMATS 

(Unclassified  Title) 


INTRODUCTION 

(U)  The  Naval  Research  Laboratory  has  been  working  to  improve  signal  processing 
capabilities,  as  much  as  possible,  for  all  types  of  targets  of  interest  to  over-the-horizon 
(OTH)  radar  applications.  This  particular  work  has  been  directed  toward  obtaining  as  much 
information  as  possible  from  missile  and  aircraft  targets  even  though  they  often  exist  in  a 
very  unfavorable  environment. 

(S)  Two  generations  of  acceleration-velocity-range  (AVR)  signal  processors  have  been 
developed  using  phase-coherence,  integration,  and  signal-matching  (matching  of  both  accel¬ 
eration  and  velocity  parameters)  processes.  In  the  case  of  the  second-generation  processor, 
added  emphasis  was  placed  on  obtaining  wide  signal  dynamic  range,  on  obtaining  real-time 
processing  capabilities  including  the  additional  parameter  of  acceleration,  and  on  obtaining 
output  data  capabilities  and  formats  of  most  benefit  to  the  user.  Further  emphasis  was 
placed  on  obtaining  the  simplest,  most  cost-effective  solution  consistent  with  the  technical 
design  goals.  Also  system  flexibility  was  stressed;  that  is,  the  ability  to  adapt  the  processor 
readily  to  different  needs. 

(S)  It  is  the  purpose  of  this  report  to 

1.  Demonstrate  the  effectiveness  and  potential  of  AVR  signal  processing. 

2.  Demonstrate  the  effectiveness  of  real-time  three-coordinate  formats  in  aid¬ 
ing  the  obseryer  to  grasp  quickly  the  significance  of  the  combinations  of  acceleration,  ve¬ 
locity,  range,  amplitude,  and  time  data  being  presented.  It  also  will  quickly  reveal  the 
serious  consequences  of  mismatched  signal  processing. 

3.  Demonstrate  the  following  capabilities  of  the  second-generation  AVR 

processor: 

a.  Signal  dynamic  range 

b.  The  ability  to  detect  a  small  target  in  the  presence  of  a  large  target 

c.  The  capability  of  resolving  two  or  more  targets  even  with  very  low  g 
separation  and  when  one  may  be  a  constant  velocity  target 

d.  The  ability  to  discriminate  between  or  exclude  either  constant  velocity 
or  accelerating  targets  from  a  display. 

4.  Discuss  certain  design  considerations  and  philosophies. 
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(vS)  Many  stages  of  development  preceded  the  work  presently  described.  Each  pro¬ 
vided  the  foundation  for  the  next  step.  The  reasons  for  desiring  certain  processor  capabili¬ 
ties,  the  philosophy  involved  in  system  designs,  investigations  into  basic  phenomena  that 
were  necessary  before  processor  systems  could  be  defined,  and  system  development  work 
have  been  described  in  a  series  of  NRL  reports.  A  brief  description  of  each  report  along 
with  a  listing  of  these  reports  is  given  in  Appendix  A. 


MEASUREMENTS  OF  THE  AVR  SIGNAL  PROCESSOR 

(S)  The  performance  of  the  second-generation  processor  has  been  measured,  and 
many  of  its  most  important  capabilities  have  been  recorded  on  three-  and  two-coordinate 
photographs  taken  from  certain  of  the  data  formats  in  real  time.  Simulated  signals  were 
used  in  the  measurements  and  were  applied  at  the  input  of  the  signal  analyzer  which  was 
set  up  for  an  integration  time  of  10  sec  with  commensurate  signal  processing  gain  and 
velocity  and  acceleration  resolutions. 


Three-Coordinate  Waveforms 

(S)  Figure  1  shows  the  AVR  signal  processor  output  when  a  simulated  accelerating 
target  signal  is  applied  at  the  input.  The  output  is  a  waveform  which  depicts  the  three- 
dimensional  ambiguity  surface  of  the  signal-matching  process.  Three  coordinates  are  used 
in  this  figure.  The  acceleration  and  velocity  parameters  are  assigned  to  the  two  coordinates 
^forming  the  base  of  the  three-dimensional  figure.  Amplitude  is  shown  as  the  coordinate 
which  appears  to  be  vertical  in  the  figure.  Acceleration,  velocity,  and  amplitude  data  are 
presented  here,  but  other  selections  of  parameters  could  have  been  made.  For  example, 
range  could  have  been  substituted  for  one  of  the  other  three  parameters,  the  unused  param¬ 
eter  being  suppressed.  The  acceleration  extent  is  3  g  with  zero  acceleration  appearing  on 
the  left  edge.  The  target  was  simulated  at  about  1.5  g  and  was  matched  in  both  accelera¬ 
tion  and  velocity,  as  will  be  evident  in  the  figure  with  the  explanation  given  below. 

(S)  A  velocity -only  signal  processor  is  capable  of  examining  only  the  zero  accelera¬ 
tion  cell  for  targets.  As  a  consequence,  it  ignores  all  of  the  remainder  of  the  three-dimen¬ 
sional  space.  As  Fig.  1  shows  the  only  evidence  of  the  accelerating  target  that  such  a 
processor  will  produce  will  be  greatly  reduced  in  amplitude  and  spread  over  many  velocity 
cells,  denying  even  a  velocity  determination.  This  is  true  even  for  low-g  targets,  as  shown, 
and  becomes  more  severe  at  the  high  g’s  exhibited  by  missiles. 

(S)  Conversely,  the  display  will  also  show  that  if  the  acceleration  processor  does  not 
process  zero  acceleration  and  a  few  succeeding  cells,  constant-velocity  targets  will  be  sup¬ 
pressed.  When  necessary  this  capability  permits  the  separation  of  the  two  types  of  targets 
and  the  display  of  either  one  or  both. 

(S)  The  cross  section  of  the  signal  response  is  very  dun  and  is  only  one  cell  thick 
under  the  peak  response.  When  many  targets  are  to  be  resolved  a  much  more  advantageous 
viewing  angle  is  available.  A  4  o’clock  viewing  position  allows  an  edge  view  of  the  wave¬ 
form. 

(S)  It  is  possible  to  rotate  the  point  from  which  the  three-dimensional  waveform  is 
viewed  to  any  other  point  desired.  This  will  be  demonstrated  in  succeeding  figures.  In 
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these  figures  the  system  gain  has  been  increased  until  noise  is  shown  and  the  signal  level 
has  been  dropped  to  80  dB  below  the  maximum  signal  level.  Also  the  acceleration  extent 
has  bet.,  increased  to  10  g  from  3  g.  In  Figs.  2  and  3  the  observation  point  is  to  the  left 
of  that  of  Fig.  1.  In  Figs.  4,  5,  6,  and  7  the  observation  point  is  to  the  right  with  Fig.  7 
being  edge-on  where  the  thin  profile  is  evident. 

(S)  All  of  the  preceding  figures  have  sh  :  wn  targets  with  positive  acceleration.  A 
negative  acceleration  target  with  about  a  7-g  acceleration  and  a  high  /elocity  is  illustrated 
in  Fig.  8.  An  edge  view  of  this  same  target  is  shown  in  Fig.  9  in  two  dimensions  where  the 
velocity  parameter  has  been  collapsed  to  zero.  And  again  a  broadside  view  of  the  target 
with  the  s cooperation  parameter  collapsed  to  zero  is  given  in  Fig.  10. 

(S)  In  addition  to  looking  at  the  sides  of  three-dimensional  objects  where  only  two 
dimensions  are  visible  it  is  also  possible  to  look  down  at  the  top,  leaving  only  the  accelera¬ 
tion  and  velocity  parameters  in  view.  Figure  11  shows  the  top  view  of  the  same  target 
displayed  in  the  preceding  three  figures. 


Resolution  Capabilities 

(°)  In  order  to  denonstrate  the  processor’s  (a)  capability  to  detect  a  small  signal  in 
the  esc  oe  of  a  very  large  signal,  (b)  dynamic  range,  (c)  resolution,  and  (d)  spurious 
level.-, !.  t,  -  ,  nd  signal  will  be  introduced.  A  constant-velocity  target  has  been  added,  shown 
by  ;-i>>  ’  which  lies  in  '>e  zero  acceleration  cell  at  about  25%  of  the  full  velocity  ex- 
te.  >  "'igj.re  13  shows  both  the  constant-velocity  signal  and  an  accelerating  target  signal 
having  about  4  g  acceleration.  Both  targets  are  80  dB  below  maximum  signal  level. 

(S)  In  Fig.  14  the  accelerating  target  has  been  moved-down  to  about  1.3  g.  It  can 
be  seen  that  targets  with  even  a  fractional  g  separation  can  easily  be  resolved  even  if  one 
is  at  constant  velocity.  It  is  also  evident  that  additional  targets  in  the  display  could  be 
distinguished. 


(S)  If  the  lowest  5%  of  the  210  acceleration  cells  in  the  acceleration  extent  are  not 
processed  the  result  will  be  as  revealed  in  Fig.  15.  The  constant-velocity  target  has  suffered 
a  large  loss  in  amplitude  because  of  the  mismatched  signal  processing.  In  Fig.  16  the  lowest 
10%  of  the  acceleration  cells  were  not  processed.  This  results  in  a  still  larger  loss  in  ampli¬ 
tude  response. 

(S)  Conversely,  if  the  processor  is  programmed  to  process  only  zero  acceleration  it 
will  properly  match  constant-velocity  targets  and  will  mismatch  accelerating  targets.  The 
results  are  shown  in  Fig.  17.  Here  the  constant-velocity  target  appears  at  full  amplitude; 
the  accelerating  target  (at  1.3  g)  is  spread  and  reduced  in  amplit 

(S)  The  accelerating  target  has  been  moved  to  3  g  in  Fig.  18.  The  lowest  5%  of  the 
acceleration  cells  are  not  processed  in  Fig.  19  and  the  lowest  10%  in  Fig.  20.  Again  the 
constant-velocity  target  has  been  suppressed.  If  necessary  aircraft  targets  could  essentially 
be  removed  from  a  missile  display.  Velocity-only  processing  reveals  even  less  of  the  3-g 
target  than  it  did  of  the  1.3-g  target  as  illustrated  in  Fig.  21.  Under  certain  conrinations 
of  radar  operating  frequency,  prf,  and  integration  time,  a  20-g  target  can  produce  a  doppler 
return  that  will  fold  at  prf/2  and  0  frequency  up  to  20  times  within  an  integration  period. 
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ACCELERATION 

SIMULATED  ACCELERATING  TARGET 
SIGNAL  INPUT 
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SKCRF.T 


ACCELERATION 

SIMULATED  ACCELERATING  TARGET 
SIGNAL  INPUT 

Fig.  6  -  (S)  AVR  signal  processor  output  with  a  simulated  accelerating  target  input  and  a  0-  to  10-g  acceleration  cais 

More  rotation  has  placed  the  observation  point  near  an  edge-on  \  ,ev> . 
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Fig.  16  —  (S)  AVR  signal  processor  output  with  the  target  signals  of  Fig.  14.  The  lowest  10%  of  the  acceleration  cells  were  not 
processed,  thus  increasing  the  mismatch  and  further  suppressing  the  constant-velocity  target. 
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Needless  to  say,  when  the  doppler  return  has  swept  only  one  prf/s  extent  in  an  integration 
period,  velocity-only  processing  will  indicate  only  an  increase  in  noise  level  over  the  full 
doppler  frequency  extent  and  the  target  will  be  completely  lost. 

(S)  Velocity-only  processors  have  sometimes  been  used  to  show  doppler  time  histo¬ 
ries  of  targets,  with  slowly  changing  doppler  responses,  over  a  multiminute  period  (many 
integration  periods).  In  some  cases  the  target  doppler  may  sweep  over  several  prf/2  ex¬ 
tents  in  a  multiminute  period.  It  should  be  realized  that  the  change  in  doppler  frequency 
in  one  integration  period  was  very  small,  representing  a  very  low  g  acceleration.  Even 
though  a  target  was  detected  it  was  mismatched  with  a  loss  of  amplitude  response  and  a 
loss  of  resolution  as  indicated  by  a  more  broadly  displayed  pip  or  track. 

(S)  Figure  22  shows  a  top  view  of  the  two  target  signals  when  the  accelerating  tar¬ 
get  was  set  to  about  3  g,  and  in  Fig.  23  it  has  been  moved  to  about  4  g.  The  results  of 
skewing  the  velocity  axis,  as  seen  from  the  top  view,  are  shown  in  Figs.  24  and  25. 


Large  Signal— Small  Signal  Performance  and  Spurious  Levels 

(S)  One  of  the  most  important  characteristics  of  a  radar  system  is  the  ability  to 
detect  small  signals  in  the  presence  of  large  signals  with  little  or  no  suppression  of  the 
small  (minimum  detectable)  signals.  In  the  case  of  acceleration-matched  signal  processing 
the  resulting  output  waveform  is  poorly  shaped  for  the  best  selectivity  of  one  signal  from 
another  when  the  amplitude  of  one  is  much  larger  than  the  other.  Figure  1  illustrates 
this  problem.  Consequently,  it  is  necessary  to  normalize  the  level  of  signals  above  a  selected 
amplitude  before  they  are  completely  processed.  Signals  below  the  normalizing  level  are 
processed  linearly  and  with  full  processing  signal-to-noise  (S/N)  ratio  gain.  Signals  above 
the  normalizing  level  must  be  handled  in  a  manner  to  maintain  harmonics  and  intermodula¬ 
tion  products  below  the  minimum  detectable  output  signal  level. 

(S)  Either  of  two  normalizing  techniques  may  be  used  with  an  analog  signal  proces- 
so:  One  is  frequency-selective  limiting  which  employs  parallel  contiguous  filter  channels  to 
divide  the  multiplied  doppler  band  into  about  eight  subbands,  the  other  is  a  swept-filter 
approach  which  requires  only  a  single  filter  and  a  limiter  following  the  multiplication  of 
LO  and  multiplied  doppler  signals  in  the  signal  analyzer.  In  the  latter  case  it  is  possible  to 
effectively  divide  the  doppler  band  into  a  large  number  of  subbands  because  it  is  not  neces¬ 
sary  to  maintain  phase  linearity  across  a  set  of  contiguous  filters.  Contiguous  filtering 
was  used  in  the  system  when  the  data  presented  herein  were  obtained. 

(S)  Figure  26  shows  a  constant-velocity  target  and  an  accelerating  target  at  about 
1.3  g  and  a  low  velocity.  Both  signals  are  80  dB  below  maximum  signal  level.  The  con¬ 
stant-velocity  signal  has  been  raised  20  dB  in  Fig.  27  and  has  exceeded  the  normalizing 
level.  In  Fig.  28  the  constant-velocity  signal  has  been  raised  60  dB  above  the  accelerating 
target  signal.  Very  little  suppression  of  the  small  signal  occurred  and  no  spurious  responses 
appeared  except  for  an  increase  in  noise  at  maximum  acceleration  extent,  which  was  con¬ 
nected  with  processor  cycling  from  high  to  low  doppler  analysis  and  should  be  correctable. 
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Other  Data  and  Display  Formats 

(S)  Range  data  can  also  be  included  in  a  three-  or  two-coordinate  format.  Other 
very  useful  formats  are  the  separate  time  histories  of  each  of  the  three  parameters.  These 
may  be  two-  or  three-coordinate  with  amplitude  as  the  third  axis.  The  spectra  (amplitude 
vs  expanded  doppler  frequency)  of  any  target  signal  may  also  oe  displayed  for  study. 
Various  two-coordinate  and  spectra  formats  have  been  used  to  display  actual  target  returns 
in  previous  work  that  has  been  reported  (1-3). 

(S)  In  the  two-coordinate  display  formats,  z-axis  intensification  may  be  derived  from 
either  signal  amplitude  or  threshold  output.  It  should  be  emphasized  that,  with  accelera¬ 
tion  processing,  amplitude  information  is  not  lost  with  threshold  intensification.  Because 
of  the  particular  waveform  involved,  an  increase  of  signal  level  in  the  range  from  minimum 
detectable  to  the  normalization  level  will  cause  a  lengthening  of  the  display  pip  or  vice 
versa.  This  is  true  for  the  velocity  and  range  parameters  as  well  as  for  the  acceleration 
parameter.  An  example  of  a  thresholded  display  is  shown  in  Fig.  29.  Both  of  the  previ¬ 
ously  mentioned  targets  are  shown  here. 


Dynamic  Range 

(S)  The  processor’s  response  to  large  signals  has  been  previously  shown.  The  mini¬ 
mum  detectable  signal  level  was  found  by  setting  the  threshold  detector  just  above  the 
peak  noise.  Then  the  level  of  the  two  signals  (a  constant-velocity  and  an  accelerating  tar¬ 
get)  was  reduced  to  a  point  just  above  the  threshold  where  a  consistent  detection  was  ob- 
taiend.  The  results  are  shown  on  Fig.  30.  Both  signals  were  reduced  92  dB  below  the 
maximum  signal  level. 


DESCRIPTION  OF  THE  REAL-TIME  AVR  PROCESSOR 

(S)  The  NRL  second-generation  AVR  processor  employs  phase-coherence,  sampled- 
signal,  and  integration  techniques  to  achieve  a  signal  processing  gain  up  to  30  dB  (depend¬ 
ing  upon  choice  of  operating  parameters),  doppler  resolution  up  to  0.1  Hz,  and  a  doppler 
rate  resolution  up  to  0.04  Hz/sec.  An  acceleration  extent  of  up  to  20  g  can  be  processed 
with  a  choice  of  resolutions.  Any  part  or  the  complete  extent  from  0  to  20  g  may  be  proc¬ 
essed  with  any  number  up  to  399  positive  acceleration  cells  and  a  like  number  of  nega¬ 
tive  acceleration  cells.  Similarly,  the  number  and  coverage  of  velocity  cells  may  be  freely 
selected. 

(S)  Detailed  information  has  previously  been  given  on  resolvable  target  speeds,  ac¬ 
celeration,  etc.  for  various  radar  operating  conditions  (4,5). 

(S)  Real-time  processing  of  acceleration,  velocity,  and  range  data  is  provided.  Be¬ 
cause  three  parameters  must  be  processed  a  much  higher  data  rate  must  be  realized.  This 
is  done  by  paralleling  signal  analyzer  channels  (providing  a  separate  analyzer  channel  for 
each  range  cell)  and  by  increasing  the  data  rate  of  each  analyzer.  Since  an  all-analog  proces¬ 
sor  design  has  been  used,  each  analyzer  fills  only  a  modest-sized  rack  drawer. 
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(S)  A  very  wide  linear  signal  dynamic  range  was  desired  for  this  processor;  a  goal  of 
1 20  dB  had  been  set. 

(S)  It  should  be  noted  here  that  for  reasons  of  funding  and  because  this  work  has 
been  directed  to  proving  principles  and  to  obtaining  a  research  tool  the  equipment  to  proc¬ 
ess  the  full  complement  of  range  cells  was  not  obtained.  Since  the  processing  equipment 
of  all  range  cells  is  identical  the  lack  of  a  full  complement  of  range  cells  has  not  compro¬ 
mised  the  research  effort.  Equipment  was  procured  for  10  range  cells  except  for  the  neces¬ 
sary  memory  where  memory  for  five  range  cells  was  acquired.  For  target  observation  at 
NRL  this  is  a  passable  system.  Within  the  five  range  cells  all  acceleration  and  velocity  cells 
may  be  processed  in  real  time. 

(S)  The  solid  blocks  of  Fig.  31  show  the  AVR  signal  processor  and  data  output  dis¬ 
plays. 

(S)  Each  range  cell  of  the  receiver  output  is  sampled.  These  samples  may  either  be 
clutter  filtered  or  fed  directly  to  the  signal  memory.  The  analog  clutter  filter  accepts  the 
signal  samples  and  performs  a  filtering  operation  to  reject  low  doppler  frequencies.  A  fre¬ 
quency  of  5  Hz  is  down  3  dB  and  1.0  Hz  is  down  80  dB.  Other  filter  characteristics  may 
be  realized  by  changing  the  values  of  the  components  in  the  feedback  networks. 

(S)  Signal  samples  are  stored  in  the  signal  memory  for  the  duration  of  the  integration 
period.  Up  to  900  analog  samples  may  be  stored  for  each  range  cell,  there  being  a  separate 
section  of  memory  for  each  one.  The  storage  medium  of  the  menu  ty  consists  of  a  capaci¬ 
tor  for  each  sample  stored.  A  sample-and-hold  technique  accomplishes  write-in  while  a 
buffered  output  allows  nondistinctive  muluple  readouts  with  time-compression  ratios  as 
large  as  165,000  to  1.  High  time-compression  ratios  permit  high  analyzer  speeds.  Each 
separate  section  of  the  memory  consists  of  a  matrix  of  30  rows  and  30  columns.  All  sec¬ 
tions  of  the  memory  are  controlled  by  a  single  set  of  logic.  Also  all  sections  of  the  mem¬ 
ory  are  read  out  simultaneously  and  fed  to  parallel  cos2  time-weighting  circuits.  Next  the 
signals  of  each  range  cell  are  normalized  by  a  frequency-selective  limiter  (contiguous  filters) 
and  then  are  analyzed  for  target  acceleration  and  velocity.  Signal  analysis  is  accomplished 
by  multiplying  the  target  signal  with  a  series  of  acceleration  frequency  ramps  and  velocity 
frequency  steps.  Only  one  function  generator  is  required  for  ail  parallel  analyzers.  The 
analyzers  have  been  designed  to  match  successfully  the  target  signal  even  though  high  tar¬ 
get  acceleration  has  caused  the  signal  doppler  frequency  sweep  to  greatly  exceed  prf/2. 

(S)  Output  of  the  signal  analyzers  is  coupled  either  to  data  storage  or  directly  to  the 
displays  which  do  not  contain  a  time  axis.  The  data  storage  permits  displaying  the  time 
histories  of  acceleration,  velocity,  and  range. 

(S)  The  re  are  many  ways  to  present  acceleration,  velocity,  range,  amplitude,  and  ume 
data  to  an  observer.  Many  have  been  demonstrated  or  suggested  in  this  or  previous  re¬ 
ports.  The  specific  requirements  of  each  radar  application  will  determine  the  most  suitable 
formats.  Also  additional  data  processing,  not  indicated  here,  might  be  required. 

DESIGN  PHILOSOPHY 

(S)  The  purpose  of  this  work  has  been  to  develop  and  demonstrate  the  capabilities 
and  potential  of  real-time  AVR  signal  processing.  The  implementation  of  this  type  of 
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processing  capability  in  any  operational  radar  should  use  whatever  means  is  most  cost  ef¬ 
fective  without  sacrificing  necessary  processing  capability.  For  example,  processing  only 
30  or  so  acceleration  cells  in  real  time  instead  of  200  or  more  would  be  unacceptable. 

(S)  An  all-analog  approach  was  selected  in  this  work  because  at  the  beginning  digital 
techniques  were  not  sufficiently  advanced  in  dynamic  range  or  speed  to  justify  their  use. 
An  analog  approach  involves  a  minimum  of  hardware  and  basically  straightforward  uncom¬ 
plicated  electronics,  of  course,  pushed  to  the  widest  possible  dynamic  range,  speed,  etc.  to 
insure  real-time  processing  of  reasonable  numbers  of  cells  of  all  three  parameters. 

(S)  All-digital  signal  processing  of  acceleration,  velocity,  and  range  data  with  good 
dynamic  range  is  now  theoretically  possible  with  pipeline  FFT  techniques.  The  main  re¬ 
maining  problem  is  signal  processing  speed.  With  the  most  recently  available  hardware, 
digital  signal  processing  is  still  about  eight  times  slower  than  real-time  processing  and  eight 
times  slower  than  the  hybrid  AVR  signal  processor  used  in  the  AN/FPS-95  OTH  radar. 
Thus  all-digital  signal  processing  will  require  parallel  equipment  for  full  processing  or  a 
sacrifice  in  the  number  of  cells  processed  when  paralleling  is  not  used.  The  second  solu¬ 
tion  is  not  desirable  except  perhaps  in  certain  special  situations. 


SUMMARY 

(S)  The  capability  of  the  NRL  second-generation  AVR  signal  processor  to  properly 
match  accelerating  and  constant-velocity  targets  in  real  time  and  to  provide  acceleration 
and  velocity  resolutions  and  signal-processing  gain  commensurate  with  a  10-sec  coherent 
integration  time  was  demonstrated.  Two  targets  with  a  fractional  g  separation  are  resolv¬ 
able,  and  one  may  be  at  zero  acceleration  if  desired.  Also  many  targets  may  occupy  the 
display  and  still  be  completely  resolvable. 

(S)  Acceleration  extents  of  up  to  20  g  may  be  covered  either  in  full  or  in  part  with 
up  to  399  positive  or  399  negative  acceleration  cells  with  a  choice  of  resolutions  up  to 
0.04  Hz/sec. 

(S)  The  capability  of  the  processor  to  process  small  signals  in  the  presence  of  large 
ones  without  loss  or  appreciable  suppression  of  the  small  signal  was  demonstrated.  A  sig¬ 
nal  60  dB  larger  than  a  nearby  small  signal  did  not  appreciably  reduce  the  level  of  the  small 
signal. 

(S)  The  dynamic  range  of  the  signal  analyzers  was  indicated  with  a  photograph  show¬ 
ing  two  signals  92  dB  below  maximum  signal  level. 

(S)  Many  three-  and  two-coordinate  display  formats  were  shown  and  others  have 
been  implemented  but  were  not  shown.  The  three-coordinate  displays,  since  they  provide 
additional  information,  aid  the  observer  to  grasp  more  quickly  the  significance  of  the  com¬ 
binations  of  acceleration,  velocity,  range,  amplitude,  and  time  data  being  presented.  It  also 
quickly  reveals  the  serious  consequences  of  mismatched  signal  processing.  For  example,  a 
velocity-only  signal  processor  when  used  to  look  at  accelerating  targets  will  provide  only  a 
very  reduced  amplitude  response  which  will  be  spread  over  a  large  number  of  velocity  cells 
denying  even  a  definite  velocity  determination.  Conversely,  if  the  lowest  5  or  10%  of  the 
acceleration  cells  are  not  processed,  constant-velocity  targets  will  be  mismatched  and 
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suppressed.  Thus,  the  AVR  processor  may  be  programmed  to  match  either  constant- 
velocity  targets,  accelerating  targets,  or  both,  providing  good  identification  and  separation 
of  these  targets  if  necessary. 

The  NRL  Second-generation  acceleration-velocity -range  signal  processor  capabilities 
that  have  been  demonstrated  together  with  many  of  the  three-  and  two-coordinate  data 
formats  provide  an  effective  and  powerful  system  for  use  with  operational  radars  or  use  as 
a  research  tool. 
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DESCRIPTION  OF  PAST  AND  CURRENT  NRL  LITERATURE 
(Unclassified  Title) 


(U)  The  literature  covered  herein  gives  descriptions  of  past  NRL  reports  on  signal 
processing  developments,  studies  of  OTH  signal  returns,  and  studies  of  missile  detection. 

(S)  One  of  the  first  efforts  toward  developing  phase-coherent,  integrating  signal 
processors  for  OTH  radar  began  in  1949  with  an  investigation  of  the  Graphecon  storage 
tube  (Al).  A  signal  storage  means  was  needed  and  the  most  feasible  storage  device  avail¬ 
able  at  the  time  was  the  Graphechon.  Another  approach  to  the  problem  of  obtaining  large 
signal-processing  S/N  ratio  gains  which  would  allow  the  detection  of  small  target  signals 
buried  in  noise  was  the  development  of  an  active  filter  (A2).  An  active  filter  was  devel¬ 
oped  which  provided  more  than  30  dB  processing  gain. 

(S)  In  1955  the  spectral  bandwidth  and  amplitude  of  HF  backscatter  clutter  signals 
were  unknown.  If  OTH  radar  were  ever  to  become  a  reality  it  was  necessary  to  determine 
whether  or  not  the  large-amplitude  backscatter,  which  usually  masked  all  desirable  targets, 
could  be  removed  from  the  doppler  band  by  filtering.  A  compact  backscatter  spectrum 
would  be  required  for  this  type  of  process,  not  one  spread  over  much  of  the  doppler  band. 
Measurements  of  the  spectral  bandwidth  of  backscatter  signals  were  successfully  made  (A3). 
They  showed  that  the  backscatter  spectra  were  almost  always  confined  to  the  lowest  4  Hz 
of  the  doppler  band  which  if  removed  by  filtering  would  not  be  too  serious  a  portion  of 
the  doppler  band  to  lose  for  target  detection. 

(S)  About  1953  a  simulated  radar  was  developed  (A4)  which  incorporated  all  the 
elements  of  a  radar  such  as  the  transmitter,  receiver,  signal  sampling,  signal  storage,  and 
coherent  signal  integration.  The  purpose  was  to  demonstrate  that  large,  nearly  theoretical 
signal  processing  gains  could  be  achieved  and  that  adequate  signal  storage  and  processing 
means  could  be  developed.  Success  of  this  effort  led  to  the  development  of  the  first  NRL 
on-the-air  OTH  radar  system  (A4).  Average  radiated  power  was  low  but  line-of-sight  detec¬ 
tion  of  aircraft  was  possible  which  showed  that  the  target  returns  were  of  such  quality  that 
good  velocity  resolution  and  processing  gains  were  possible. 

(S)  Backscatter  rejection  filters  were  developed  (A5)  for  this  radar  system  which 
su  jcessfully  rejected  backscatter  and  permitted  detection  of  small  targets  buried  below  the 
noise  level.  Also  signal  storage  systems,  based  on  the  Radechon  storage  tube,  were  devel¬ 
oped  (A6-A9)  and  built  for  this  radar. 

(S)  The  performance  characteristics  of  the  radar  were  measured  (A10).  Signal  proc¬ 
essing  gains  of  over  30  dB  were  found  with  simulated  signals,  and  essentially  the  same 
processing  gains  were  realizable  with  live  aircraft  targets. 
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(S)  When  considerating  over-the-horizon  (one-hop)  detection  of  targets  it  is  neces¬ 
sary  to  know  as  much  as  possible  about  the  amount  of  spectral  spreading  exhibited  by  the 
return  echo,  the  characteristics  of  the  ionospheric  path,  and  the  range  accuracies  achiev¬ 
able.  A  study  was  initiated  in  1958  to  find  answers  to  some  of  these  questions  (All). 

(S)  A  magnetic  drum  storage  radar  was  proposed  (A12)  by  Dr.  R.M.  Page  in  1957. 

It  was  capable  of  velocity-only  signal  processing  with  about  a  30-dB  linear  signal  dynamic 
range. 

(S)  The  NRL  HF  radar  was  used  not  only  to  study  coherent  detection  of  line-of- 
sight  aircraft  and  one-hop  ionospheric  propagation  path  characteristics,  but  beginning  in 
1957  was  also  employed  to  study  OTH  missile  detection  (A13-A16)  and  OTH  detection  of 
nuclear  events  (A17). 

(S)  In  1959-1960  a  high-quality,  quartz  crystal,  comb  backscatter  rejection  filter  was 
proposed  and  developed  (A18)  for  the  Madre  magnetic  drum  signal  processor. 

(S)  Being  a  velocity-only  signal  processor,  the  magnetic  drum  processor  mismatched 
accelerating  targets  (missiles)  with  serious  loss  of  targets  and  velocity  data.  Therefore,  in 
1959  an  acceleration-velocity-range  (AVR)  signal  processing  system  was  proposed  (A19) 
which  used  phase  coherence,  integration,  and  signal  matching  of  both  acceleration  and  ve¬ 
locity.  Funding  was  received  in  1960  and  a  system  was  developed  at  NRL  (A20-A23). 

(S)  When  complete,  the  first-generation  AVR  signal  processor  was  moved  to  the 
NRL  Chesapeake  Bay  Division  (CBD)  for  use  with  the  high-power  transmitting  equipment. 
Missile  launches  were  observed  (A24)  and  matched-signal  processing  of  both  the  accelera¬ 
tion  and  velocity  parameters  was  successful  and  provided  heretofore  unattainable  data. 

(S)  Because  the  first-generation  AVR  processor  made  use  of  the  magnetic  drum  stor¬ 
age  its  dynamic  range  was  limited  to  only  30  dB.  A  much  greater  dynamic  range  was  de¬ 
sirable,  120  dB  if  achievable.  In  1964  a  60-dB  dynamic  range,  analog  capacitor,  signal 
storage  system  was  proposed  (A25). 

(S)  A  complete,  real-time,  wide-dynamic-range  AVR  processing  system  was  proposed 
in  1965  (A26).  A  120-dB  dynamic  range  was  proposed  for  both  the  signal  memory  and 
the  AVR  signal  analyzer.  Also  the  signal  processing  speed  was  to  be  increased  to  insure 
real-time  signal  processing  even  with  three  parameters  instead  of  the  usual  two  parameters. 

A  relatively  simple,  cost-effective  analog  design  was  to  be  used.  Funding  was  received  for 
this  system  and  it  became  NRL’s  second-generation  AVR  signal  processor. 

(S)  In  the  meantime  the  first-generation  AVR  signal-processor  system  was  being  used 
to  observe  and  study  more  missile  launches  (A27).  Additional  output  data  formats  were 
added  to  the  system  such  as  a  target  signal  spectrum  display  and  time  histories  of  accelera¬ 
tion,  velocity,  range,  and  amplitude.  These  formats  increased  the  effectiveness  and  useful¬ 
ness  of  the  displays  as  far  as  the  observer  was  concerned.  Together  with  the  signal  spec¬ 
trum  display  they  aided  studies  such  as  the  determination  of  the  compactness  of  the  spectra 
of  the  return  echoes  from  accelerating  targets,  the  useful  length  of  integration  time  for 
various  missile  targets,  and  the  performance  characteristics  of  the  acceleration  and  velocity 
matching  signal  processor. 
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(S)  Observation  and  study  of  missile  launches  continued.  More  results  were  pub¬ 
lished  (A28.A29)  that  were  obtained  with  a  velocity-time  format  added  to  the  previously 
available  output  data  formats. 

(S)  The  spectra  of  missile  target  signals  after  matched  acceleration  and  velocity 
processing  with  a  20-sec  integration  time  along  with  the  time  histories  of  velocity,  range, 
and  signal  amplitude  were  next  reported  (A30).  One  of  the  missiles  observed  was  the 
Athena  launched  from  Green  River  to  White  Sands  Missile  Range  (WSMR)  at  a  range  of 
1600  naut.  mi.  This  is  not  a  large  missile;  however,  hard  echoes  were  obtained  from  45 
to  220  sec  after  launch. 

(S)  These  studies  showed  that  (a)  many  missile  targets  have  matched  bandwidths 
equal  to  or  less  than  1/3  Hz,  (b)  acceleration  and  velocity  ma  '  ing  of  targets  with  spec¬ 
tral  bandwidths  equal  to  or  less  than  1/3  Hz  has  been  successfully  accomplished,  (c)  this 
results  in  good  velocity  and  acceleration  resolution  for  missile  and  aircraft  targets  and  real¬ 
izable  signal  processing  gains  up  to  30  dB,  and  (d)  in  the  case  of  many  of  the  missile 
targets  integration  times  of  up  to  20  sec  were  found  to  be  productive. 

(S)  A  study  and  discussion  of  the  many  problems  involved  in  the  design  of  OTH 
radar  and  signal  processing  systems  has  been  published  (A31,A32).  Solutions  to  many  of 
the  problems  were  proposed. 

(S)  One  method  used  to  normalize  signals  for  AVR  processing  has  been  described 
(A33)  along  with  the  results  obtained. 

(S)  Development  and  construction  of  the  second-generation  AVR  signal  processor 
was  obtained  by  contract  with  the  Boeing  Company.  The  status  of  this  work  and  a  de¬ 
tailed  description  of  the  performance  expected  of  this  system  was  reported  in  1969  (A34) 
and  1970  (A35). 

(S)  The  AN/FPS-95  radar  has  an  AVR  signal  and  data  processor.  When  the  radar  was 
nearing  completion  and  shipment  to  its  overseas  site,  a  plan  for  a  one  year’s  research  effort 
to  add  to  the  fund  of  knowledge  in  the  OTH  radar  field  was  initiated.  A  large  number  of 
experiments  were  to  be  conducted  with  the  radar,  and  the  design  of  the  experiments  was 
also  initiated.  As  a  result  three  missile  experiments  were  designed,  making  full  use  of  the 
AVR  signal  and  data  processing  capabilities  of  the  radar  (A36-A38).  Also  many  of  the 
aircraft  experiments  made  use  of  these  capabilities. 
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